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Performance comparison of ultrasonography 
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Abstract 

Objectives:  Accurate prenatal diagnosis of placenta accrete spectrum disorder (PAS) remains a challenge, and the 
reported diagnostic value of ultrasonography (US) and magnetic resonance imaging (MRI) varies widely. This study 
aims to systematically evaluate the diagnostic accuracy of US as compared with MRI in the detection of PAS within the 
identical patient population.

Methods:  Medline, EMBASE, Google scholar and Cochrane library were searched. Pooled sensitivity, specificity, diag-
nostic odds ratio (DOR) and the area under the summary receiver operating characteristic (SROC) curve were calcu-
lated. Subgroup analysis was also performed to elucidate the heterogeneity of results.

Results:  A total of 18 articles comprising 861 pregnancies were included in the study. The overall diagnostic accu-
racy of US for identification of PAS was as follows: sensitivity [0.90 (0.86–0.93)], specificity [0.83 (0.79–0.86)], DOR [39.5 
(19.6–79.7)]. The overall diagnostic accuracy of MRI for identification of PAS was as follows: sensitivity [0.89 (0.85-
0.92)], specificity [0.87 (0.83–0.89)], DOR [37.4 (17.0–82.3)]. The pooled sensitivity (p = 0.808) and specificity (p = 0.413) 
between US and MRI are not significantly different. SROC analysis revealed that there was no statistical difference 
(p = 0.552) in US and MRI for the overall predictive accuracy of PAS. Furthermore, in the subgroup analysis of between 
retrospective and prospective studies, between earlier and most recent studies, there was no statistical difference 
(p > 0.05) in diagnostic accuracy of US and MRI for the detection of PAS.

Conclusions:  Both ultrasonography (US) and magnetic resonance imaging (MRI) showed comparable accuracy in 
the prenatal diagnosis of placenta accrete spectrum disorder (PAS). Routine employment of MRI with relatively high 
expense in the prenatal identification of PAS should not be recommended.
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Key points

•	 Both US and MRI showed comparable accuracy in 
the prenatal diagnosis of PAS.

•	 MRI should not be used routinely as an adjunct tool 
to US in the diagnosis of PAS.
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•	 The comprehensive scoring system using US, MRI 
and clinical risk factors can help to improve accurate 
prenatal diagnosis of PAS.

Introduction
Placenta accrete spectrum (PAS) disorder is a grow-
ing obstetric concern. The rise in cesarean section rates 
worldwide over the past decades has led to a fundamen-
tal increase in the prevalence of PAS [1]. PAS can be 
classified into three major variants of placenta accreta, 
placenta increta and placenta percreta according to the 
degree of trophoblastic invasion through the myome-
trium and the uterine serosa [2].

Various predisposing factors have been identified for 
the development of PAS; this includes placenta previa, 
prior cesarean delivery, multiparity, advanced maternal 
age (> 35  years), myometrial scaring from prior uterine 
surgery, and assisted reproductive techniques. Of which, 
the combination of placenta previa and previous cesarean 
delivery is the most commonly reported risk factor. PAS 
leads to the formation of hypertrophied, disorganized 
uteroplacental vascularity at the implantation site, and 
the immediate clinical consequence is massive hemor-
rhage while removing the placenta manually after deliv-
ery. PAS is the most common indication for emergent 
peripartum hysterectomy [3, 4] and also leads to exten-
sive morbidities (i.e., massive transfusion, disseminated 
intravascular coagulation, infection, sepsis) and surgical-
related complications (i.e., pelvic organs injury, fistula 
formation) [5].

Prenatal diagnosis of PAS allows for meticulous plan-
ning and multidisciplinary management of patients, thus 
substantially improve the maternal prognosis. However, 
accurate identification of morbidly adherent placenta 
before delivery remains a challenge, and almost half to 
two-thirds of PAS remain undiagnosed before delivery 
indicated by recent studies [6, 7]. Ultrasonography (US) is 
the most commonly used diagnostic modality for detect-
ing abnormal placentation, while magnetic resonance 
imaging (MRI) is usually recommended as an adjunctive 
diagnostic modality and reserved for cases with incon-
clusive ultrasound findings. Although the diagnostic 
values of US and MRI has been previously studied, there 
is a high variability in the reported diagnostic accuracy, 
which can be attributed by the relative rarity of the dis-
ease and the subjectivity of the imaging modalities largely 
dependence on the experiences of the sonographer or 
radiologist.

Therefore, this study was performed to evaluate and 
compare the diagnostic performance of the two imaging 
modalities (US and MRI) for the prenatal identification 
of PAS. To our knowledge, this study is the first systemic 

review and meta-analysis comparing the predictive accu-
racy between MRI and US in PAS within the identical 
patient population.

Materials and methods
Search strategy
A systemic literature search using Medline, Embase, 
Google Scholar, the Cochrane Database of Systematic 
Reviews (CDSR), the Cochrane Central Register of Con-
trolled Trials (CENTRAL), and Database of Abstracts 
of Reviews of Effects (DARE) up to May  28, 2021, using 
the relevant keywords: “magnetic resonance imaging,” 
“ultrasound,” “sonography,” “ultrasonography,” “placenta 
accrete,” “invasive placenta,” “placenta increta,” as well as 
combinations of these terms. Two authors independently 
reviewed the abstracts and full-text; relevant data were 
collected and analyzed.

Study selection
Two independent investigators reviewed the literature 
and performed the study selection. Inconsistencies were 
discussed among the reviewers, and consensus was 
reached.

Inclusion criteria for this meta-analysis were as follows:

(1)	 Confirmation of PAS defined as histopathological 
evidence and/or intraoperative finding of gross pla-
centa invasion.

(2)	 Prospective cohorts and retrospective cohorts stud-
ies evaluating the predictive value of both US and 
MRI within the same patient population.

(3)	 Presence of US signs indicative of PAS, using the 
reference findings as follows: prominent lacunae, 
myometrial thinning, focal exophytic masses, blad-
der line interruption, increased vascularity.

(4)	 Presence of MRI signs indicative of PAS, using 
the reference findings as follows: intraplacental 
dark bands with a random pattern on T2 weighted 
sequences, heterogeneous signal intensity in the 
placenta, focal uterine bulge, focal interruptions of 
the uterine wall, and tenting of the bladder.

Exclusion criteria for this meta-analysis were as follows:

(1)	 Opinions, editorials, review articles, case reports, 
and studies without the necessary variables men-
tioned above.

(2)	 Absence of a precise number of participants, true 
positives (TP), false positives (FP), false negatives 
(FN), and true negatives (TN) of MRI and US 
assessment or such data cannot be calculated.
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Data extraction
Two authors independently collected data based on 
the inclusion criteria and exclusion criteria. The fol-
lowing information was obtained and listed from the 
included study: year of publication, first author’s name 
and country, number of patients, number of PAS, patient 
characteristics, study design (prospective or retrospec-
tive), technique aspects, image interpretation (blind or 
not). The absolute number of patients and relevant data 
including TP, FP, TN, and FN for US and MRI were col-
lected from each included study. We calculated the above 
data if such information was not directly reported. We 
also contacted the authors for any missing data for the 
completion of data extraction.

Quality Assessment
The updated QUADAS-2 (Quality Assessment of Diag-
nostic Accuracy Studies-2) criteria were employed to 
evaluate the risk of bias and applicability of the included 
studies. Each item was rated as “low,” “high,” or “unclear.” 
We scored the item as “unclear” when the absolute infor-
mation was absent to conclude an accurate judgment.

Statistical analysis
Meta-Disc software for meta-analysis was used for sta-
tistical analyses [8]. Statistical difference was defined as 
p < 0.05.

The heterogeneity of studies included was evaluated by 
I2 statistic and Cochran’s Q test. The study was defined as 
insignificant heterogeneity with I2 values of 0–25%, low 
heterogeneity with I2 values of 25–50%, moderate hetero-
geneity with I2 values of 50–75%, and high heterogeneity 
with I2 values of 75–100%. To calculate the overall diag-
nostic accuracy of US and MRI for the identification of 
PAS including pooled sensitivity and specificity, positive 
and negative likelihood ratio (LR+ and LR−), and diag-
nostic odds ratio (DOR), appropriate statistical modality 
was chosen according to the outcomes of heterogeneity 
test: a random effect model used when I2 exceeded 50%, a 
fixed-effect model used in other cases.

For comparison of diagnostic performance between 
US and MRI, the hierarchical summary receiver oper-
ating characteristics (SROC) curves were plotted. The 
area under the SROC curve (AUC) and the Q* index 
(the point in SROC curve space closest to the ideal top-
left corner and at which test sensitivity and specificity 
are equal) were also computed. To determine the differ-
ence of sensitivity, specificity, and AUS between US and 
MRI, Z value tests were performed. Additionally, sensi-
tivity analysis was performed to assess the effect of each 
included study on the overall results.

Results
Literature search and general characteristics 
of the included studies
A total of 531 primary citations were identified from 
the comprehensive literature search. Among them, 455 
studies were excluded based on screening the titles and 
abstracts. Two investigators carefully read the full-text 
manuscripts of the remaining 76 studies, and 58 studies 
were excluded according to the inclusion criteria. Finally, 
18 studies (Levine [9], Masselli [10], Dwyer [11], Man-
sour [12], Lim [13], Elhawary [14], Peker [15], Riteau [16], 
Algebally [17], Satija [18], Balcacer [19], Rezk [20], Mar-
cillac [21], Budorick [22], Kumar [23], Ayati [24], Romeo 
[25], Xia [26]) were included in our meta-analysis (Fig. 1). 
There is a total of 861 pregnancies in the included studies 
with a potential risk of PAS, and 339 (39.4%) pregnancies 
were diagnosed with PAS based on the histopathological 
evidence and/or intraoperative findings of gross placenta 
invasion. Of the included 18 studies, the majority of them 
(83.3%) specifically indicated that both the radiologists 
and sonographers reviewed and interpreted the images 
without prior knowledge of the pathological and surgical 
findings to avoid observer bias. The general characteris-
tics of the included studies are summarized in Table 1.

A quality assessment of the included 18 studies by the 
updated QUADAS-2 is outlined in Fig.  2. The results 
indicated an overall satisfactory quality of the identified 
studies. Furthermore, sensitivity analysis was conducted 
to assess the effect of each included study on the overall 
results by omitting one study at a time. No outlier was 
identified.

Overall diagnostic accuracy and comparison between US 
and MRI for the prenatal identification of PAS
The overall diagnostic accuracy of US for identifica-
tion of PAS was as follows: sensitivity [0.90 (0.86–0.93)] 
(Fig.  3A), specificity [0.83 (0.79–0.86)] (Fig.  3B), posi-
tive likelihood ratios (LR +) [4.85 (3.08–7.64)], negative 
likelihood ratios (LR-) [0.16 (0.12–0.23)], DOR [39.5 
(19.6–79.7)] (Fig. 4A). The overall diagnostic accuracy of 
MRI for identification of PAS was as follows: sensitivity 
[0.89 (0.85–0.92)] (Fig. 5A), specificity [0.87 (0.83–0.89)] 
(Fig. 5B), LR+ [5.16 (3.42–7.78)], LR− [0.17 (0.11–0.27)], 
DOR [37.4 (17.0–82.3)] (Fig.  6). The pooled diagnostic 
sensitivity (p = 0.808) and specificity (p = 0.413) between 
US and MRI are not significantly different in the detec-
tion of PAS.

The SROC curve for the performance of prenatal diag-
nosis of US and MRI for the identification of PAS are 
shown in Figs.  4B and 6B, respectively. Based on the 
SROC curve of US and MRI, we calculated the area under 
the curve (AUC) and Q* indices for predictive accuracy 
and the results show that AUC and Q* indices of US were 
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0.935 (standard error (SE), 0.017) and 0.872, that of MRI 
was 0.932 (SE 0.021) and 0.867, respectively. Z value sta-
tistics analysis was used to compare the AUC between US 
and MRI with a value of 0.1299, and there was no statisti-
cal significance with a corresponding p value of 0.5517.

Subgroup analysis of US and MRI in the prenatal 
identification of PAS
Given that the predictive accuracy of imaging is evolving 
and can be influenced by either technique improvement 

or accumulative experience of sonographers and radi-
ologists. To investigate the heterogeneity of identified 18 
studies, we conducted two subgroup analyses by dividing 
the included studies into (1) retrospective studies versus 
prospective studies, (2) early studies (published before 
2015) versus recent studies (published after 2015).

In the subgroup analysis of prospective studies [9, 10, 
12, 17, 18, 20, 23, 24], the pooled performance of US was 
sensitivity 92%, specificity 86%, AUC 0.96 (SE 0.01), and 
that of MRI was sensitivity 93%, specificity 91%, AUC 

Fig. 1  Flowchart of studies for meta-analysis
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0.96 (SE 0.02). In retrospective studies [11, 13–16, 19, 21, 
22, 25, 26], the pooled performance of US was sensitivity 
88%, specificity 80%, AUC 0.96 (SE 0.03) and that of MRI 
was sensitivity 85%, specificity 82%, AUC 0.89 (SE 0.04).

In the subgroup analysis of early studies (published 
before 2015) [9–17], the pooled performance of US was 

sensitivity 90%, specificity 88%, AUC 0.94 (SE 0.02), 
and that of MRI was sensitivity 90%, specificity 89%, 
AUC 0.97 (SE 0.01). In recent studies (published after 
2015) [18–26], the pooled performance of US was sen-
sitivity 90%, specificity 79%, AUC 0.91 (SE 0.04) and 

Table 1  General characteristics of studies included in the systematic review (18 studies)

Only first author of each study is shown

PAS, placenta accrete spectrum disorder; Prosp, prospective; Retro, retrospective; Surg, surgical findings; Path, pathology; N/A, not available

References Country Study design Period 
analyzed

Trimester at 
scan

Reference 
standard

Mean 
age 
(years)

Image 
interpretation

Pregnancies PAS at 
delivery

Levine [9] USA Prosp 1995–1997 2–3 Path/Surg N/A Blind 18 6

Masselli [10] Italy Prosp 2006–2007 3 Path/Surg 31 Blind & Experi-
enced

50 12

Dwyer [11] USA Retro 2001–2006 N/A Path/Surg N/A N/A 32 15

Mansour [12] Egypt Prosp 2010–2011 3 Surg 32 Blind & Experi-
enced

35 15

Lim [13] USA Retro 2009–2010 2–3 Path 33 N/A 13 9

Elhawary [14] Egypt Retro 2010–2012 3 Surg 32 Blind 39 9

Peker [15] Turkey Retro 2008–2011 3 Path N/A Blind 40 20

Riteau [16] France Retro 2001–2012 3 (28–30) Path/Surg 34 Blind & Experi-
enced

42 26

Algebally [17] Qatar Prosp 2011–2014 3 NA 33 Blind & Experi-
enced

100 32

Satija [18] India Prosp 2013–2014 3 (majority) Path/Surg 29 Blind & Experi-
enced

30 8

Balcacer [19] USA Retro 2004–2014 3 (majority) Path/Surg N/A Blind & Experi-
enced

40 18

Rezk [20] Egypt Prosp 2012–2014 3 Path/Surg 30 Blind & Experi-
enced

74 53

Marcillac [21] France Retro 2010–2014 N/A Path/Surg 32 Blind 22 13

Budorick [22] USA Retro 2006–2012 2–3 Path/Surg 34 Blind & Experi-
enced

45 14

Kumar [23] India Prosp 2011–2013 2–3 Path/Surg N/A N/A 22 9

Ayati [24] Iran Prosp 2012–2013 2–3 Path/Surg 31 Blind & Experi-
enced

82 17

Romeo [25] Italy Retro 2012–2018 3 Path/Surg 35 Blind & Experi-
enced

51 23

Xia [26] China Retro 2012–2018 3 Path/Surg 36 Blind & Experi-
enced

126 40

Fig. 2  Summary results of QUADAS tool on risk of bias and applicability concerns for the included studies in the present systematic review
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Fig. 3  Forest plots of the overall sensitivity (A) and specificity (B) of diagnosis of placenta accrete spectrum disorder (PAS) with ultrasonography 
(US). The first author’s name of each study is listed. CI, confidence interval
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Fig. 4  The diagnostic performance of ultrasonography (US) for the prenatal identification of placenta accrete spectrum disorder (PAS) based on the 
(A) forest plots of overall diagnostic odds ratio (DOR) and (B) summary receiver operating characteristic (SROC) curve. The weight of each study is 
reflected by the size of data points. AUC, area under the curve; SE, standard error
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that of MRI was sensitivity 88%, specificity 85%, AUC 
0.90 (SE 0.02).

There was no statistical significance (p > 0.05) in pooled 
sensitivity and specificity as well as AUC of SROC 
curves between US and MRI in different subgroups. 

Fig. 5  Forest plots of the overall sensitivity (A) and specificity (B) of diagnosis of placenta accrete spectrum disorder (PAS) with magnetic resonance 
imaging (MRI). The first author’s name of each study is listed. CI, confidence interval
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The summary estimates of sensitivity, specificity, DOR, 
LR+, LR−, SROC curve (AUC ± SE, Q* ± SE) of US 
and MRI for prenatal identification of PAS in the sub-
group of retrospective and prospective studies, and 

the subgroup of earlier and recent studies are listed in 
Table 2, respectively.

Fig. 6  The diagnostic performance of magnetic resonance imaging (MRI) for the prenatal identification of placenta accrete spectrum disorder (PAS) 
based on the A forest plots of overall diagnostic odds ratio (DOR) and B summary receiver operating characteristic (SROC) curve. The weight of each 
study is reflected by the size of data points. AUC, area under the curve; SE, standard error
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Discussion
Since the first study describing the ultrasound char-
acteristics of placenta increta in the early 1980s [27], 
ultrasonography (US) has been used as the primary 
diagnostic tool for PAS. US is a widely available, inex-
pensive diagnostic tool and is generally considered safe 
for both mother and fetus. However, the diagnostic 
accuracy of US for identification of invasive placenta 
could be impaired by several clinical parameters such 
as unfavorable placenta site (i.e., posterior placenta) 
and high body mass index (BMI). Accurate prenatal 
diagnosis of PAS remains a challenge.

On the contrary, the imaging modality of MRI is not 
restricted by the depth and it offers the advantage of 
multiplanar imaging and excellent soft-tissue resolu-
tion. MRI demonstrates an excellent performance for 
defining the topography and depth of abnormal pla-
centation [10]. MRI is often recommended when the 
adjacent pelvic organs involvement is highly suspected, 
or there is an inconclusive assessment on US, or the 
posterior placenta and maternal obesity affect the 
diagnostic accuracy of US. A recent systematic review 
and meta-analysis [28] was conducted to evaluate the 
predictive performance of MRI in detecting the sever-
ity of abnormal placental invasion and showed that 
the pooled sensitivity of MRI in detecting the placenta 
accrete was 94.4%, 100% for placenta increta, 86.5% for 
placenta percreta, and corresponding pooled specificity 
was 98.8%, 97.3%, and 96.8%, respectively. However, the 
included studies of the meta-analysis mainly resulted 
from the target population who had already been 
screen on US, and the MRI was used as an adjunct tool 

which probably contributed to a risk of selection bias. 
Therefore, the predictive accuracy of MRI in defining 
the grade of PAS might not be clearly demonstrated by 
these results and further more evidence is needed.

There have been more studies that assess and com-
pare the predictive performance of US and MRI in PAS. 
D’Antonio et  al. in a recent meta-analysis reported that 
the pooled sensitivity and specificity of US in diagnos-
ing PAS were 90.7% and 96.9% [29], and subsequently 
reported that the pooled sensitivity and specificity of 
MRI in diagnosing PAS were 94.4% and 84% in another 
study [30]. One study comparing the diagnostic value of 
these two imaging tools within in one systematic review 
was published in 2013 by Meng et al. [31], reported that 
pooled sensitivity of diagnostic value for US and MRI was 
83% and 82%, respectively, corresponding  pooled speci-
ficity for US and MRI was 95% and 88%, respectively. 
Although these reviews conclude that both US and MRI 
were equally effective for identification of PAS, evalua-
tion of the diagnostic performance of US and MRI were 
conducted on separate patient populations, which una-
voidably represents a source of bias.

To precisely evaluate the predictive accuracy for PAS 
identification between US and MRI, we only included 
studies in which US and MRI were conducted within the 
identical patient population. In this present study, we 
found that the pooled sensitivity and specificity for US 
was 90% and 83% and that for MRI was 89% and 87%, 
respectively. We concluded that both of the two image 
modalities (US and MRI) have an acceptable diagnostic 
value with high sensitivity and specificity for the prena-
tal identification of PAS, which is in accordance with the 
previous reports [31]. The pooled diagnostic sensitivity 
(p = 0.808) and specificity (p = 0.413) between US and 

Table 2  Summary estimates of sensitivity, specificity, DOR, LR+, LR−, SROC curve (AUC ± SE, Q* ± SE) of US and MRI for identification 
of PAS in different subgroup

US, ultrasonography; MRI, magnetic resonance imaging; PAS, placenta accrete spectrum disorder; DOR, diagnostic odds ratio; LR+, positive likelihood ratios; LR−, 
negative likelihood ratios; SROC, summary receiver operating characteristic; AUC, area under the SROC curve; SE, standard error

Subgroup Sensitivity 
(%) (95% 
CI)

Specificity 
(%) (95% 
CI)

DOR (95% CI) LR + (95% CI) LR− (95% CI) SROC curve 
AUC ± SE

SROC curve Q* ± SE

Prosp
[9, 10, 12, 17, 18, 20, 
23, 24]

US 92 (87–96) 86 (81–90) 77 (27–220) 8.63 (3.21–23.16) 0.10 (0.06–0.18) 0.96 ± 0.01 0.90 ± 0.02

MRI 93 (88–97) 91 (87–94) 96 (24–385) 8.05 (3.79–17.11) 0.12 (0.05–0.25) 0.96 ± 0.02 0.91 ± 0.03

Retro
[11, 13–16, 19, 21, 
22, 25, 26]

US 88 (83–92) 80 (75–85) 24 (10–57) 3.55 (2.09–6.03) 0.21 (0.13–0.34) 0.90 ± 0.03 0.83 ± 0.03

MRI 85 (79–90) 82 (77–87) 21 (8–54) 4.09 (2.52–6.64) 0.22 (0.13–0.37) 0.89 ± 0.04 0.83 ± 0.04

Earlier studies
[9–17]

US 90 (83–94) 88 (83–92) 51 (16–161) 6.24 (2.40–16.24) 0.17 (0.10–0.28) 0.94 ± 0.02 0.88 ± 0.03

MRI 90 (84–95) 89 (85–93) 62 (13–305) 6.77 (2.68–17.11) 0.14 (0.06–0.33) 0.97 ± 0.01 0.92 ± 0.02

Recent studies
[18–26]

US 90 (85–94) 79 (74–84) 32 (13–78) 4.38 (2.68–7.15) 0.16 (0.09–0.27) 0.91 ± 0.04 0.84 ± 0.04

MRI 88 (82–92) 85 (80–88) 30 (13–67) 5.00 (3.79–6.6) 0.19 (0.11–0.32) 0.90 ± 0.02 0.83 ± 0.02
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MRI were not significantly different in the detection of 
PAS. Further analysis and calculation based on SROC 
curves showed that AUC of US and MRI was 0.935 and 
0.932, and the Q* indices were 0.872 and 0.867 for US and 
MRI, respectively. Z value test was then used to compare 
the significance of the two imaging techniques for diag-
nosing PAS by analyzing the AUC of SROC curve, and 
the results revealed the Z value of 0.1299 with a corre-
sponding p value of 0.5517, indicating that there was no 
statistical difference for US and MRI in predictive accu-
racy for PAS. To further evaluate the heterogeneity of 
results, we conducted subgroup analyses (i.e., retrospec-
tive vs prospective, early vs recent study) and results also 
showed that there was no statistical significance in sensi-
tivity, specificity as well as AUC of SROC curves between 
US and MRI. All results revealed that both US and MRI 
possessed equal accuracy in the prenatal diagnosis of 
PAS, and one modality has not demonstrated superiority 
over the other.

Although some studies suggest that MRI may be more 
useful than US and expert opinion and guidelines [19, 
32] recommend the use of MRI in certain scenarios (i.e., 
posterior placental implantation, inconclusive US assess-
ment), more evidence is required for validation. Dwyer 
et  al. [11] found there was no significant difference in 
diagnostic accuracy for prenatal identification of PAS 
between US and MRI, and also the performance of the 
two imaging modalities was not impaired by the placen-
tal site (i.e., posterior placentas). Additionally, one recent 
study performed by Einerson et  al. [33] to evaluate the 
diagnostic value of MRI in the identification of PAS as 
a secondary tool revealed that MRI only results in 19% 
of correct, clinically meaningful change in the US-based 
PAS diagnosis, and yet an incorrect change of 17% of US-
based diagnosis and a 21% of incorrect confirmation of 
US-based diagnosis. Furthermore, MRI offered no iden-
tifiable benefit for cases that the placenta was located in 
posterior or lateral position. Therefore, some researchers 
advocated that the employment of MRI as a secondary 
tool to US in prenatal identification of PAS should not 
be routinely recommended, and obstetric management 
should not be altered based on MRI findings if there is a 
strong indication of PAS by US with several positive fea-
tures with good PPV [16, 34]. Further definite studies are 
required to demonstrate the diagnostic accuracy of MRI 
for more complete evidence.

The wide difference in diagnostic accuracy between 
studies can be attributed to multiple factors, including 
small sample size, type of study, variability of study inclu-
sion and exclusion criteria, reference ultrasound or MRI 
signs of PAS, operator’s experience, equipment, gesta-
tional age and confirmative diagnosis by the gold stand-
ard modality of histopathology which is often unavailable 

in adherent placenta or conservatively managed cases. In 
particular, there has been no consensus on the reference 
findings on US or MRI that are indicative of PAS, and the 
predictive performance of these two imaging modalities 
is largely dependent on the experience and expertise of 
the sonographers and radiologists. This is further lim-
ited by the absence of a standardized training program in 
imaging interpretation and the relative rarity of the PAS 
disease.

Better sensitivity but a comparably lower specificity of 
either US or MRI techniques for the diagnosis of PAS, 
perhaps because once one feature of the diagnostic cri-
teria was present, the diagnosis of PAS was considered, 
consequently the number of false positives was increased, 
and specificity of the test reduced. The most recent ret-
rospective cohort study [35] exhibited that a comprehen-
sive scoring system by combing US, MRI and clinical risk 
factors was superior to either modality when used alone, 
suggesting that a complementary approach by comb-
ing several characteristic markers from various clinical 
parameters into a structured and quantified system might 
improve the diagnostic accuracy.

There are several limitations of this study. First, we 
acknowledge that including the assessment of topogra-
phy and grade of invasive placentas can better qualify and 
quantify the diagnostic efficacy of US and MRI. How-
ever, this attempt is limited by the scarcity of such infor-
mation in included studies. Second, the accuracy of the 
meta-analysis is largely dependent on the reliability of the 
included research; although subgroup analysis has been 
performed to elucidate the heterogeneity of results, this 
remains as a source of unavoidable bias. Third, we did not 
take into account some factors such as maternal charac-
teristics (i.e., inclusion criterion of the different studies, 
placental location, BMI) and gestational age for imaging 
that may impact the predictive performance of these two 
imaging modalities.

The strengths of our study include the following: (1) 
The comparison of diagnostic accuracy between US 
and MRI for the identification of PAS was examined in 
the identical patient population for the first time. (2) 
We included a larger population compared to previous 
publications to assess the predictive performance of US 
and MRI. (3) Majority of the included studies showed 
that depictions of both US and MRI were evaluated by a 
skilled and experienced sonographer or radiologist with-
out knowledge of the pathologic results or surgical find-
ings. (4) Both  sensitivity analysis and subgroup analysis 
revealed the similar result that there was no statistical 
significance of diagnostic accuracy between US and MRI, 
indicating the robust outcome in the present study.

In conclusion, both US and MRI demonstrate equal 
efficacy in diagnosing PAS and one modality has not 
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demonstrated superiority over the other. However, routine 
employment of MRI with relatively high expense in the 
prenatal identification of PAS should not be recommended, 
and further definite studies are required to demonstrate the 
diagnostic accuracy of MRI for more complete evidence. 
The development of standardized training programs and 
comprehensive scoring system using US, MRI and clinical 
risk factors can help to improve accurate prenatal diagnosis 
of PAS.

Abbreviations
AUC​: Area under the SROC curve; DOR: Diagnostic odds ratio; LR−: Negative 
likelihood ratios; LR+: Positive likelihood ratios; MRI: Magnetic resonance 
imaging; PAS: Placenta accrete spectrum; QUADAS: Quality Assessment of 
Diagnostic Accuracy Studies; SROC: Summary receiver operating characteris-
tic; US: Ultrasonography.

Acknowledgements
This study was supported by a grant from Natural Science Foundation 
of Science and Technology Commission of Shanghai Municipality (No. 
22ZR1438700), China.

Authors’ contributions
SH has significant statistical expertise. The scientific guarantor of this publica-
tion is NZ. All authors read and approved the final manuscript.

Funding
This study was supported by a grant from Natural Science Foundation 
of Science and Technology Commission of Shanghai Municipality (No. 
22ZR1438700), China.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Institutional Review Board approval was not required because this study 
belongs to meta-analysis. Written informed consent was not required for this 
study because this study belongs to meta-analysis; the data are from various 
published literatures.

Consent for publication
Not applicable.

Competing interests
The authors of this manuscript declare no relationships with any companies, 
whose products or services may be related to the subject matter of the article.

Author details
1 Department of Obstetrics and Gynecology, Ren Ji Hospital, Shanghai Jiao 
Tong University School of Medicine, 160 Pujian Road, Pudong New District, 
Shanghai 200127, China. 2 Shanghai Key Laboratory of Gynecologic Oncology, 
Ren Ji Hospital, Shanghai Jiao Tong University School of Medicine, 160 Pujian 
Road, Shanghai 200127, China. 3 Department of Medicine, Temple University 
Hospital, Lewis Katz School of Medicine at Temple University, 3401 N Broad 
St, Philadelphia, PA 19140, USA. 4 Department of Obstetrics and Gynecol-
ogy, Hainan Women and Children’s Medical Center, Changbin Road, Haikou 
City 570312, Hainan Province, China. 

Received: 3 January 2022   Accepted: 23 February 2022

References
	1.	 Solheim K, Esakoff T, Little S, Cheng Y, Sparks T, Caughey A (2011) The 

effect of cesarean delivery rates on the future incidence of placenta 
previa, placenta accreta, and maternal mortality. J Matern Fetal Neonatal 
Med 24:1341–1346

	2.	 Derman A, Nikac V, Haberman S, Zelenko N, Opsha O, Flyer M (2011) MRI 
of placenta accreta: a new imaging perspective. AJR Am J Roentgenol 
197:1514–1521

	3.	 Creanga A, Bateman B, Butwick A et al (2015) Morbidity associated with 
cesarean delivery in the United States: Is placenta accreta an increasingly 
important contributor? Am J Obstet Gynecol 213:384.e381–311

	4.	 Zelop C, Harlow B, Frigoletto F, Safon L, Saltzman D (1993) Emergency 
peripartum hysterectomy. Am J Obstet Gynecol 168:1443–1448

	5.	 O’Brien J, Barton J, Donaldson E (1996) The management of placenta 
percreta: conservative and operative strategies. Am J Obstet Gynecol 
175:1632–1638

	6.	 Jauniaux E, Bhide A, Kennedy A, Woodward P, Hubinont C, Collins S (2018) 
FIGO consensus guidelines on placenta accreta spectrum disorders: 
Prenatal diagnosis and screening. Int J Gynaecol Obstet 140:274–280

	7.	 Bailit J, Grobman W, Rice M et al (2015) Morbidly adherent placenta treat-
ments and outcomes. Obstet Gynecol 125:683–689

	8.	 Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A (2006) Meta-DiSc: a 
software for meta-analysis of test accuracy data. BMC Med Res Methodol 
6:31

	9.	 Levine D, Hulka C, Ludmir J, Li W, Edelman R (1997) Placenta accreta: 
evaluation with color Doppler US, power Doppler US, and MR imaging. 
Radiology 205:773–776

	10.	 Masselli G, Brunelli R, Casciani E et al (2008) Magnetic resonance imaging 
in the evaluation of placental adhesive disorders: correlation with color 
Doppler ultrasound. Eur Radiol 18:1292–1299

	11.	 Dwyer B, Belogolovkin V, Tran L et al (2008) Prenatal diagnosis of placenta 
accreta: sonography or magnetic resonance imaging? J Ultrasound Med 
27:1275–1281

	12.	 Mausour SM, Elkhyat WM (2011) Placenta Previa-accreta: Do we need MR 
imaging? Egypt J Radiol Nuclear Med 42:433–442

	13.	 Lim P, Greenberg M, Edelson M, Bell K, Edmonds P, Mackey A (2011) Utility 
of ultrasound and MRI in prenatal diagnosis of placenta accreta: a pilot 
study. AJR Am J Roentgenol 197:1506–1513

	14.	 Elhawary T, Dabees N, Youssef M (2013) Diagnostic value of ultrasonog-
raphy and magnetic resonance imaging in pregnant women at risk for 
placenta accreta. J Matern Fetal Neonatal Med 26:1443–1449

	15.	 Peker N, Turan V, Ergenoglu M et al (2013) Assessment of total placenta 
previa by magnetic resonance imaging and ultrasonography to detect 
placenta accreta and its variants. Ginekol Pol 84:186–192

	16.	 Riteau A, Tassin M, Chambon G et al (2014) Accuracy of ultrasonography 
and magnetic resonance imaging in the diagnosis of placenta accreta. 
PLoS One 9:e94866

	17.	 Algebally A, Yousef R, Badr S, Al Obeidly A, Szmigielski W, Al Ibrahim A 
(2014) The value of ultrasound and magnetic resonance imaging in 
diagnostics and prediction of morbidity in cases of placenta previa with 
abnormal placentation. Pol J Radiol 79:409–416

	18.	 Satija B, Kumar S, Wadhwa L et al (2015) Utility of ultrasound and 
magnetic resonance imaging in prenatal diagnosis of placenta accreta: a 
prospective study. Indian J Radiol Imaging 25:464–470

	19.	 Balcacer P, Pahade J, Spektor M, Staib L, Copel J, McCarthy S (2016) Mag-
netic resonance imaging and sonography in the diagnosis of placental 
invasion. J Ultrasound Med Off J Am Inst Ultrasound Med 35:1445–1456

	20.	 Rezk M, Shawky M (2016) Grey-scale and colour Doppler ultrasound ver-
sus magnetic resonance imaging for the prenatal diagnosis of placenta 
accreta. J Matern Fetal Neonatal Med 29:218–223

	21.	 Daney de Marcillac F, Molière S, Pinton A et al (2016) Accuracy of placenta 
accreta prenatal diagnosis by ultrasound and MRI in a high-risk popula-
tion. J Gynecol Obstet Biol Reprod (Paris) 45:198–206

	22.	 Budorick N, Figueroa R, Vizcarra M, Shin J (2017) Another look at 
ultrasound and magnetic resonance imaging for diagnosis of placenta 
accreta. J Matern Fetal Neonatal Med 30:2422–2427

	23.	 Kumar I, Verma A, Ojha R, Shukla R, Jain M, Srivastava A (2017) Invasive 
placental disorders: a prospective US and MRI comparative analysis. Acta 
Radiol 58:121–128



Page 13 of 13Hong et al. Insights into Imaging           (2022) 13:50 	

	24.	 Ayati S, Leila L, Pezeshkirad M et al (2017) Accuracy of color Doppler ultra-
sonography and magnetic resonance imaging in diagnosis of placenta 
accreta: a survey of 82 cases. Int J Reprod Biomed 15:225–230

	25.	 Romeo V, Sarno L, Volpe A et al (2019) US and MR imaging findings to 
detect placental adhesion spectrum (PAS) in patients with placenta 
previa: a comparative systematic study. Abdom Radiol (NY) 44:3398–3407

	26.	 Xia H, Ke S, Qian R, Lin J, Li Y, Zhang X (2020) Comparison between 
abdominal ultrasound and nuclear magnetic resonance imaging detec-
tion of placenta accreta in the second and third trimester of pregnancy. 
Medicine (Baltimore) 99:e17908

	27.	 Tabsh K, Brinkman C, King W (1982) Ultrasound diagnosis of placenta 
increta. J Clin Ultrasound 10:288–290

	28.	 Familiari A, Liberati M, Lim P et al (2018) Diagnostic accuracy of magnetic 
resonance imaging in detecting the severity of abnormal invasive pla-
centa: a systematic review and meta-analysis. Acta Obstet Gynecol Scand 
97:507–520

	29.	 D’Antonio F, Iacovella C, Bhide A (2013) Prenatal identification of invasive 
placentation using ultrasound: systematic review and meta-analysis. 
Ultrasound Obstet Gynecol 42:509–517

	30.	 D’Antonio F, Iacovella C, Palacios-Jaraquemada J, Bruno C, Manzoli L, 
Bhide A (2014) Prenatal identification of invasive placentation using 
magnetic resonance imaging: systematic review and meta-analysis. Ultra-
sound Obstet Gynecol Off J Int Soc Ultrasound Obstet Gynecol 44:8–16

	31.	 Meng X, Xie L, Song W (2013) Comparing the diagnostic value of 
ultrasound and magnetic resonance imaging for placenta accreta: a 
systematic review and meta-analysis. Ultrasound Med Biol 39:1958–1965

	32.	 Berkley E, Abuhamad A (2013) Prenatal diagnosis of placenta accreta: Is 
sonography all we need? J Ultrasound Med Off J Am Inst Ultrasound Med 
32:1345–1350

	33.	 Einerson B, Rodriguez C, Kennedy A, Woodward P, Donnelly M, Silver R 
(2018) Magnetic resonance imaging is often misleading when used as an 
adjunct to ultrasound in the management of placenta accreta spectrum 
disorders. Am J Obstet Gynecol 218:618.e611-618.e617

	34.	 McLean L, Heilbrun M, Eller A, Kennedy A, Woodward P (2011) Assessing 
the role of magnetic resonance imaging in the management of gravid 
patients at risk for placenta accreta. Acad Radiol 18:1175–1180

	35.	 Knight J, Lehnert S, Shanks A et al (2018) A comprehensive severity score 
for the morbidly adherent placenta: combining ultrasound and magnetic 
resonance imaging. Pediatr Radiol 48:1945–1954

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Performance comparison of ultrasonography and magnetic resonance imaging in their diagnostic accuracy of placenta accreta spectrum disorders: a systematic review and meta-analysis
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Key points
	Introduction
	Materials and methods
	Search strategy
	Study selection
	Data extraction
	Quality Assessment
	Statistical analysis

	Results
	Literature search and general characteristics of the included studies
	Overall diagnostic accuracy and comparison between US and MRI for the prenatal identification of PAS
	Subgroup analysis of US and MRI in the prenatal identification of PAS

	Discussion
	Acknowledgements
	References


